Introduction {#sec1}
============

Monitoring one's behavior and awareness of errors is necessary for optimal adaption to a changing environment ([@ref16]; [@ref7]; [@ref27]; [@ref71]). A substantial amount of research has focused on an event-related potential (ERP) related to error monitoring: the error-related negativity (ERN; [@ref15]; [@ref22]). The ERN is elicited when individuals commit errors on lab-based speeded and reaction time tasks and appears as a negative deflection in the waveform occurring ∼50 ms after an error at fronto-central electrode sites.

The ERN has been proposed to reflect the activation of a general error monitoring system ([@ref15]; [@ref22]). Errors may be conceptualized as motivationally salient, internal events that may threaten an individual's safety---requiring immediate attention and corrective action. Errors prompt a variety of physiological changes consistent with this view, i.e. skin conductance, heart rate changes, pupil dilation, potentiated startle reflex and corrugator activity, suggesting a defensive motivational response ([@ref74], [@ref76]). Source localization and functional magnetic resonance imaging (fMRI) studies that suggest the ERN is generated in the anterior cingulate cortex ([@ref10]; [@ref29]; [@ref38]; [@ref36]; [@ref5]; [@ref1])---an area of the brain associated with the integration of pain, threat and punishment to alter future behavior ([@ref64]).

The magnitude of the ERN has been associated with a variety of individual differences. Most notably, the ERN has been shown to be increased in anxious individuals in over 50 studies to date ([@ref31], [@ref32]; [@ref72], [@ref73], [@ref75]; [@ref48]; [@ref56], [@ref57], [@ref58]; [@ref39]). Additionally, the ERN has been shown to predict increases in anxiety across time ([@ref42], [@ref43], [@ref46])---suggesting that it may be a neural risk marker for the development of anxiety disorders.

Additionally, some work has suggested that the ERN is sensitive to the motivational salience of errors ([@ref2]). For example, the ERN is larger when errors are more significant or costly ([@ref24]; [@ref9]; [@ref21]; [@ref13]), when performance is being evaluated ([@ref24]; [@ref30]) and when accuracy is emphasized over speed ([@ref22]; [@ref16]).

Indeed, the ERN has been linked to traits related to increased sensitivity to errors---e.g. perfectionism ([@ref63]; [@ref67]; [@ref11]; [@ref4]; [@ref53]). Perfectionism, in part, is conceptualized as a hypervigilance and overreactivity to mistakes. More broadly, perfectionism has been defined as the tendency toward 'high standards of performance which are accompanied by tendencies for overly critical evaluation of one's own behavior' ([@ref18]). Results from one study suggest that maladaptive perfectionism is related to the ERN ([@ref53]), suggesting that the ERN may index the degree to which an individual is distressed by their performance or behavior not meeting their own standards. Additionally, [@ref67]) found that personal standard perfectionism and evaluative concern perfectionism are both error-related neural activities. Another fMRI study found increased error-related neural activation in participants high in personal standard perfectionism ([@ref4]).

Perfectionism is commonly conceptualized as being multidimensional in nature ([@ref18]; [@ref68]). In line with this theoretical formulation, the Frost Multidimensional Perfectionism Scale (FMPS) contains six subscales: concern over mistakes, personal standards, parental expectations, parental criticism, doubts about actions and organization ([@ref18]). The previous work has linked increased personal standard perfectionism to increased error-related neural activity ([@ref67]; [@ref11]; [@ref4]). Personal standard perfectionism refers to the tendency to set high criteria or standards regarding one's own performance. Individuals who score high on personal standard perfectionism are highly motivated to reach their own internally set goals. For example, one item on the FMPS personal standard perfectionism subscale is the following: 'If I do not set the highest standards for myself, I am likely to end up a second-rate person.' Personal standard perfectionism has been linked to academic performance ([@ref6]) and has been suggested to reflect self-imposed expectations that may only be maladaptive in combination with self-criticism ([@ref12]).

The second subscale that may be linked to error-related neural activity is the concern over mistake subscale of the FMPS. This scale measures negative reactions to errors and is thought to be central to the construct of perfectionism ([@ref18]). Individuals high in concern over mistake perceive their mistakes as more serious, ruminate about their mistakes more often, believe others will think more poorly of them for making mistakes and have lower self-esteem than others ([@ref20]). Additionally, the concern over mistake FMPS subscale has been linked to depression, obsessive--compulsive symptoms and procrastination ([@ref19]). Items from this scale include the following: 'I hate being less than best at things,' and 'If I fail at work/school, I am a failure as a person.' The concern over mistake subscale has been suggested to reflect maladaptive responses to perceived mistakes or failures.

In line with the view that the ERN reflects sensitivity to errors, work in the lab suggests that the ERN is increased when errors are punished via shock or loud noise and that this effect persists after punishment ends ([@ref55]; [@ref40]). Thus, learning-related experiences that increase the cost associated with errors appear to shape the ERN. Taken together, individual differences related to sensitivity to errors (i.e. perfectionism) are related to the ERN and within-subject manipulations (i.e. punishment) that increase the threat value of errors that increase the ERN.

Building on work in the lab suggesting that the ERN can be modulated by punishment, we (and others) have begun to examine how parenting may impact the ERN in offspring. Parents characterized by a controlling or punitive parenting style tend to punish children's mistakes more intensely and more frequently ([@ref59]), which can result in children's excessive concern related to making mistakes ([@ref28]). We have proposed that one mechanism that may shape an increased ERN is exposure to a controlling parenting style. In a large study (*N* = 295), parenting style was assessed when children were 3 years old via structure observations in the lab. Additionally, parents completed a self-reported measure of parenting style. When the children were 6 years old, the ERN was measured, and results suggested that both observational and self-report measures of authoritarian parenting (high control and low warmth) are related to an increased ERN in children ([@ref41]). The link between parenting and the ERN has also been found among even younger children (4 years old; [@ref8]) and emerging adult females ([@ref3]). Moreover, we have also found that the ERN is larger when parents characterized by high control are in the room with their children while the ERN is measured ([@ref47])---highlighting the impact of parenting in shaping the ERN.

Parenting has also been studied in the context of the development of perfectionism ([@ref17]; [@ref28]; [@ref65]; [@ref66]; [@ref33]; [@ref25]). For example, high parental control and harshness have been linked to the development of perfectionism in children ([@ref28]; [@ref66]; [@ref25]). Researchers have suggested that parents who criticize children for being less than perfect impose unnecessarily high expectations and standards. Children may internalize these expectations and learn to be overly critical of their own performance and overly sensitive to their own mistakes.

While separate lines of work have linked controlling parenting styles to both perfectionism and ERN, no study to our knowledge has integrated these separate areas of research. Given the link between the ERN and perfectionism, as well as controlling parenting and the ERN, in the current study, we wished to extend the previous work to integrate all three of these constructs into one unified model. We propose a model wherein parenting impacts perfectionism via the ERN. Thus, we propose that an increased ERN may be an *underlying neural mechanism* that partly explains the association between parenting and perfectionism. For example, is it possible that parenting styles shape the ERN early in development and that the ERN functions as a risk marker or a diathesis toward developing anxiety and/or perfectionism later in life. As a first step, in the present study, we examine associations between parenting styles (maternal and paternal) and the ERN in a sample of young adults. Based on previous work, we hypothesized that controlling parenting styles would be associated with an increased ERN in offspring. We hypothesized that no other parenting styles would be associated with the ERN. Next, we examine whether the ERN is associated with self-reported perfectionism. Based on the previous work, we hypothesized that perfectionism (personal standard perfectionism as well as concern over mistakes) would be associated with an increased ERN. Next, we examine mediation models wherein we hypothesized that the indirect path from controlling parenting styles to perfectionism (personal standards and concern over mistakes) via the ERN would be significant. We hypothesized that relationships between response monitoring neural activity and both controlling parenting and perfectionism subscales would be specific to error-related activity (i.e. we hypothesized that no significant relationships between the CRN and parenting or perfectionism would emerge).

Method {#sec2}
======

Participants {#sec3}
------------

Participants were undergraduate students who received course credit for participation in the study. Of the 80 participants, 13 participants made too few errors (i.e. less than six) and were therefore excluded from all analyses. Additionally, one participant's self-report data was lost due to experimenter error. Thus, the final sample consisted of 66 participants, 22 males and 44 females, between the ages of 18--51 years old, *M* = 19.72, s.d. = 4.55. Overall, 38% of participants were Hispanic or Latino. Additionally, 5% of participants were Asian, 5% were Black, 6% were identified as Other, and 83% were Caucasian. Estimated annual family income was \$10 000--25 000 for 9% of participants, \$25 000--40 000 for 14%, \$40 000--\$75 000 for 27% and more than \$75 000 for 50%. All participants were given verbal and written information about the procedures of the study, and written consent was obtained. Study procedures were approved by the institutional review board.

Self-report: parental behavior inventory (Children's Report of Parental Behavior Inventory) {#sec4}
-------------------------------------------------------------------------------------------

To assess parenting styles of participants' parents, we utilized the Children's Report of Parental Behavior Inventory (CRPBI; [@ref61]). The CRPBI contains 30 items ([@ref62]) and assesses parenting along 3 dimensions: (i) acceptance (e.g. my parent enjoys doing things with me); (ii) control (e.g. my parent often tells me how to behave); and (iii) firmness (e.g. my parent is strict with me). This measure has demonstrated good psychometric properties, alphas between 0.77 and 0.90 ([@ref61], [@ref62]; [@ref37]; [@ref47]).

Self-report: FMPS {#sec5}
-----------------

To assess perfectionism, we utilized the FMPS ([@ref68]). The FMPS contains 35 items and provides six subscales for perfectionism: (i) concern over mistakes, (ii) personal standards, (iii) parental expectations, (iv) parental criticism, (v) doubts about actions and (vi) organization. This measure has demonstrated good psychometric properties, alphas between 0.70 and 0.91 ([@ref67]). In the current study, we focus on the personal standard perfectionism subscale, which reflects a tendency to set high standards for one's own performance and includes items as follows: 'I set higher goals than most people,' and 'if I do not set the highest standards for myself, I am likely to end up a second-rate person.' Additionally, we also utilize the concern over mistake subscale, which reflects a tendency to be self-critical and to react negatively to errors. This subscale includes items as follows: 'I hate being less than best at things,' and 'If I fail at work/school, I am a failure as a person.'

EEG task {#sec6}
--------

EEG was recorded while participants completed an arrowhead version of the Flanker task ([@ref14]). On each trial, participants were shown five arrowheads and are instructed to press the left or right mouse button (depending on which direction the center arrow is pointing) as quickly as possible. There were two compatible conditions, '\< \< \< \< \<' and '\> \> \> \> \>,' and two incompatible conditions, '\< \< \> \< \<' and '\> \> \< \> \>.'. The stimuli were presented randomly such that 50% of trials were incompatible. Stimuli were presented for 200 ms, and the interval between the offset of one stimulus and the onset of the subsequent stimulus varied randomly between 2300 and 2800 ms. Participants completed a practice block of 10 trials and were instructed to be both as accurate and as fast as possible. The task consisted of 11 blocks of 30 trials (330 total trials). Each block was initiated by the participant with a mouse click. To make the task as quick as possible, it terminated after participants committed 30 errors or 330 correct responses. To encourage both fast and accurate responding, participants received feedback based on their performance at the end of each block. If performance was 75% correct or lower, the message 'Please try to be more accurate' was displayed. If performance was above 90% correct, the message 'Please try to respond faster' was displayed. If performance was between 75 and 90% correct, the message 'You're doing a great job' was displayed.

Psychophysiological recording and data analysis {#sec7}
-----------------------------------------------

EEG was recorded continuously using an elastic cap and the ActiveTwo BioSemi system (BioSemi, Amsterdam, the Netherlands). Thirty-four electrode sites were used, as well as two electrodes for the left and right mastoids. Electrooculogram (EOG) generated from eye movements and blinks was recorded using four electrodes: horizontal eye movements were measured via two electrodes placed 1 cm outside the outer edge of the left and right eyes. Vertical eye movements and blinks were recorded via two electrodes placed 1 cm above and below the right eye. The EEG signal was preamplified with a gain of one by a BioSemi ActiveTwo system. The data was digitized at a 24 bit resolution with a sampling rate of 1024 Hz using a low-pass fifth-order sinc filter with a half-power cutoff of 204.8 Hz. Each active electrode was measured online with respect to a common mode sense (CMS) active electrode producing a monopolar (non-differential) channel. Offline data was referenced to the average of the left and right mastoids and band-pass filtered between 0.1 and 40 Hz. Eyeblink and ocular corrections were conducted per [@ref23]). An automatic procedure was employed to detect and reject artifacts. The criteria applied was a voltage step of more than 50.0 μV between sample points, a voltage difference of 300.0 μV within a trial and a maximum voltage difference of less than 0.50 μV within 100 ms intervals. These intervals were rejected from individual channels on each trial.

The EEG data were segmented for each trial beginning 500 ms before the response and continuing for 800 ms after the response. The response-locked ERPs were averaged separately for each trial type (e.g. correct and incorrect responses) to derive the correct response negativity (CRN) and the ERN. Baseline correction was performed using the interval from −500 to −300 ms before response onset. Average activity between 0 and 100 ms at Cz was exported for each subject, where error-related brain activity was maximal. Additionally, we calculated a residualized-based difference score (i.e. we conducted a regression wherein the CRN was entered predicting the ERN and unstandardized residual scores were saved; ERN~resid~) for each participant ([@ref44]). Behavioral measures included the number of error and correct trials for each subject at each assessment. Additionally, average reaction times (RTs) on error and correct trials were calculated separately, as well as RTs on correct trials following error trials to calculate post-error RT slowing.

Statistical analyses were conducted using SPSS (Version 17.0) General Linear Model software, with Greenhouse-Geisser correction applied to *P* values associated with multiple-df, repeated-measure comparisons when necessitated by the violation of the assumption of sphericity. Repeated-measure ANOVAs were utilized to examine behavioral data (accuracy, RTs and post-error slowing) as well as error-related brain activity. Additionally, Pearson's *r* correlations were used to examine the relationships between error-related brain activity and parenting, as well as perfectionism. We also conducted follow-up mediation analyses using a nonparametric bootstrapping method ([@ref35]). We used an SPSS macro (PROCESS; [@ref54]), which provides a bootstrap estimate of the indirect effect between the independent and dependent variable, an estimate of standard error and 95% confidence intervals for the population value of the indirect effect. When confidence intervals for the indirect effect do not include zero, this indicates a significant indirect effect at the *P* \< 0.05 level. Direct and indirect effects were tested using 5000 bootstrap samples.

Results {#sec8}
=======

Behavioral data {#sec9}
---------------

Overall, participants were faster on error trials, *M* = 433 ms, s.d. = 118, compared to correct trials, *M* = 491, s.d. = 73, *F*(1, 63) = 39.46, *P* \< 0.001. Additionally, participants were slower on trials following errors, *M* = 484, s.d. = 62, compared to trials following correct responses, *M* = 476, s.d. = 59, *F*(1, 63) = 3.50, *P* = 0.07, at a trend level. Overall, participants committed an average of 18 errors, s.d. = 6.37, range = 6--33.

Error-related brain activity and parenting {#sec10}
------------------------------------------

Neural activity was more negative during error trials, *M* = 2.48, s.d. = 9.11, compared to correct trials, *M* = 8.06, s.d. = 6.41, *F*(1, 63) = 42.23, *P* \< 0.001. Means and s.d. of error-related brain activity (i.e. the ERN, CRN and ERN~resid~), maternal and paternal CRPBI scales, and correlations are presented in [Table 1](#TB1){ref-type="table"}. The CRPBI scales were moderately correlated with each other, such that acceptance was negatively correlated to both control and firmness, for both the maternal and paternal scales. Additionally, control and firmness were positively correlated, for both maternal and paternal scales. Overall, maternal and paternal scales were moderately correlated with each other. Paired-samples *t*-tests suggested that participants rated maternal acceptance higher than paternal acceptance, *t*(65) = 2.44, *P* \< 0.05. Additionally, maternal control was rated higher than paternal control, *t*(65) = 3.15, *P* \< 0.01. However, maternal and paternal firmness did not differ, *t*(65) = 0.73, *P* = 0.47.

###### 

Means, standard deviations (SDs), and bivariate correlations between main study variables

                               1                                             2                                           3                                             4                                             5                                             6                                            7                                            8                                            9      10                                           Mean (s.d.)
  ---------------------------- --------------------------------------------- ------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- ------ -------------------------------------------- --------------
   1. ERN                      \-                                                                                                                                                                                                                                                                                                                                                                                                                             2.48 (9.11)
   2. CRN                      0.66[^\*\*^](#tblfn2){ref-type="table-fn"}    \-                                                                                                                                                                                                                                                                                                                                                                               8.06 (6.41)
   3. ERN~resid~               0.76[^\*\*^](#tblfn2){ref-type="table-fn"}    0.00                                        \-                                                                                                                                                                                                                                                                                                                                   0.00 (6.95)
   4. Maternal acceptance      0.10                                          0.10                                        0.05                                          \-                                                                                                                                                                                                                                                                                     25.61 (4.23)
   5. Paternal acceptance      −0.11                                         −0.17                                       0.01                                          0.42[^\*^](#tblfn1){ref-type="table-fn"}      \-                                                                                                                                                                                                                                       23.90 (5.88)
   6. Maternal control         −0.21[^\*^](#tblfn1){ref-type="table-fn"}     −0.16                                       −0.13                                         −0.56[^\*\*^](#tblfn2){ref-type="table-fn"}   −0.12                                         \-                                                                                                                                                                                         16.83 (4.93)
   7. Paternal control         −0.32[^\*\*^](#tblfn2){ref-type="table-fn"}   −0.23[^\*^](#tblfn1){ref-type="table-fn"}   −0.24[^\*^](#tblfn1){ref-type="table-fn"}     −0.35[^\*\*^](#tblfn2){ref-type="table-fn"}   −0.21[^\*^](#tblfn1){ref-type="table-fn"}     0.58[^\*\*^](#tblfn2){ref-type="table-fn"}   \-                                                                                                                                            15.09 (4.87)
   8. Maternal firmness        −0.15                                         −0.03                                       −0.16                                         −0.42[^\*\*^](#tblfn2){ref-type="table-fn"}   −0.08                                         0.66[^\*\*^](#tblfn2){ref-type="table-fn"}   0.26[^\*^](#tblfn1){ref-type="table-fn"}     \-                                                                                               19.20 (5.03)
   9. Paternal firmness        −0.05                                         0.01                                        −0.08                                         −0.31[^\*\*^](#tblfn2){ref-type="table-fn"}   −0.39[^\*\*^](#tblfn2){ref-type="table-fn"}   0.25[^\*^](#tblfn1){ref-type="table-fn"}     0.39[^\*\*^](#tblfn2){ref-type="table-fn"}   0.48[^\*\*^](#tblfn2){ref-type="table-fn"}   \-                                                  18.74 (4.87)
  10\. Concern over mistakes   −0.25[^\*^](#tblfn1){ref-type="table-fn"}     −0.16                                       −0.19^t^                                      −0.07                                         −0.06                                         0.12                                         0.21                                         0.05                                         0.13   \-                                           21.07 (6.02)
  11\. Personal standards      −0.27[^\*^](#tblfn1){ref-type="table-fn"}     −0.12                                       −0.34[^\*\*^](#tblfn2){ref-type="table-fn"}   0.16                                          0.21                                          0.03                                         0.09                                         0.13                                         0.06   0.56[^\*\*^](#tblfn2){ref-type="table-fn"}   24.77 (4.80)

^t^ *P* \< .07.

^\*^ *P* \< .05.

^\*\*^ *P* \< .01.

ERN, error-related negativity; CRN, correct related negativity; ERN~resid~, residualized difference score for error-related brain activity. Maternal/paternal acceptance, control, and firmness are scales from the Children's Report of Parental Behavior Inventory (CRPBI). Concern over mistakes and Personal standards are scales from the Frost Multidimensional Perfectionism Scale (FMPS).

Error-related brain activity was associated with both maternal and paternal control, such that more parental control related to an increased ERN in offspring.[^1^](#fn1){ref-type="fn"} Maternal control related to a larger ERN, but was not significantly related to either the CRN or the ERN~resid~. However, paternal control related to a larger ERN, CRN and ERN~resid~. [Figure 1](#f1){ref-type="fig"} depicts the error, correct and difference (error minus correct) waveforms for high (top quartile) and low (bottom quartile) maternal control (top) and paternal control (bottom) participants. Additionally, topographical headmaps (right) depict error minus correct from 0 to 100 ms for high and low control groups. Neither acceptance nor firmness related to error-related brain activity, for either the maternal or paternal scales.

![On the left, waveforms are presented for error trials (dotted black line), correct trials (solid black line) and the difference (error minus correct; gray line), for individuals who reported their parent (maternal on top; paternal on bottom) was high or low on the control scale of the CRPBI (based on a median split). On the right, topographical headmaps are presented for activity from 0 to 100 ms after responses (error minus correct). Headmaps are presented based on a median split on the control scale of the CRPBI for maternal (top) and paternal (bottom) parenting style.](nsaa018f1){#f1}

Perfectionism {#sec11}
-------------

Means and s.d. for the concern over mistake and personal standard subscales on the FMPS, as well as correlations with other study variables, are presented in [Table 1](#TB1){ref-type="table"}. As would be expected, subscales on the FMPS were moderately correlated. Moreover, the pattern of associations between FMPS subscales were in the expected direction---i.e. higher scores on the concern over mistake subscale were associated with higher scores on the personal standard subscale.

Error-related brain activity was related to both subscales of the FMPS. Both the ERN and ERN~resid~ was larger among participants who reported being higher on the personal standard subscale of the FMPS. Additionally, the ERN (and the ERN~resid~ at a trend level) was larger among participants who reported being higher on the concern over mistake subscale of the FMPS. Neither perfectionism subscale was significantly related to the CRN. Taken together, these results suggest that the ERN is increased among individuals who report having more controlling parents, as well as individuals who report being higher in perfectionism (i.e. higher on the concern over mistake and personal standard subscales).[^2^](#fn2){ref-type="fn"}

Mediation models {#sec12}
----------------

We examined mediation models wherein the relationship between parental control (maternal and paternal) and perfectionism (concern over mistake and personal standard subscales) was mediated by the ERN~resid~. In the first mediation model, we examined a model wherein the relationship between maternal control and the concern over mistake scales of the FMPS was mediated by the ERN~resid~, and results did not support a significant mediation model, *effect* = 0.03, 95% CI \[−0.02--0.16\]. In the second mediation model, we examined a model wherein the relationship between maternal control and the personal standard perfectionism scales of the FMPS was mediated by the ERN~resid~, and results did not support a significant mediation model, *effect* = 0.04, 95% CI \[0.04--0.14\].

Next, we examined two mediation models wherein paternal control was entered as the predictor. In the first mediation model, we examined a model wherein the relationship between paternal control and the concern over mistake scales of the FMPS was mediated by the ERN~resid~. Results did not support this mediation model, *effect* = 0.04, 95% CI \[−0.011--0.204\]. In the second mediation model ([Figure 2](#f2){ref-type="fig"}), we examined a model wherein the relationship between paternal control and the personal standard perfectionism scales of the FMPS was mediated by the ERN~resid~. Results supported the mediation model, i.e. the indirect path from paternal control to personal standard perfectionism (FMPS) via the ERN reached significance, *effect* = 0.08, 95% CI \[0.003--0.206\]. To test the specificity of this model, the mediator and the outcome were reversed (i.e. the ERN~resid~ was entered as the outcome variable, and personal standard perfectionism (FMPS) was entered as the mediator). Results suggested that the indirect path in this alternative model (i.e. mediation) did not reach significance, *effect* = −0.05, 95% CI \[−0.199--0.064\].

![A depiction of a mediation model wherein the relationship between paternal control (as reported on the CRPBI) and personal standards (as reported on the Frost Multidimensional Perfectionism Scale; FMPS) is mediated by the ERN residualized difference score.](nsaa018f2){#f2}

Discussion {#sec13}
==========

Consistent with our hypothesis, results from the current study suggest that controlling parenting styles (both maternal and paternal) were associated with increased error-related brain activity in offspring. Additionally, individuals who reported being higher in perfectionism (concern over mistakes and personal standards) also displayed an increased ERN. Moreover, results supported a mediation model wherein the association between controlling parenting styles (paternal) and personal standard perfectionism was mediated by the ERN, suggesting that an increased ERN may be an underlying neural mechanism partly explaining the relationship between parenting and personal standard perfectionism.

In line with the previous work suggesting a link between parenting styles and the ERN in offspring ([@ref8]; [@ref41], [@ref47]; [@ref3]), results from the current study supported a link between maternal and paternal controlling parenting styles and an increased ERN in offspring. This is the second study to find this association in young adults ([@ref3]). And, while parental control was associated with error-related brain activity, neither parental acceptance nor firmness related to the ERN, suggesting specificity between controlling parenting styles and the ERN. It should be noted that the CRPBI factor of control indexes is: 'covert, psychological methods of controlling the child's activities and behaviors that would not permit the child to develop as an individual apart from the parent' ([@ref60]). Thus, young adults who report their parents are high on this particular dimension are also characterized by an increased ERN.

Consistent with the previous work ([@ref63]; [@ref67]; [@ref11]; [@ref4]; [@ref53]), in the current study, we observed increased error-related brain activity among individuals who reported being more perfectionistic. Specifically, the subscales measuring concern over mistakes and personal standards on the FMPS were associated with an increased ERN. The concerns over mistake subscale indexes sensitivity and overreactivity to errors. This scale contains items as follows: 'I should be upset if I make a mistake', 'if I fail partly, it is as bad as being a complete failure,' and 'the fewer mistakes I make, the more people will like me.' The personal standard subscale on the FMPS indexes having higher than average goals for behavior that are inflexible. This scale contains items as follows: 'I expect higher performance in my daily tasks than most people,' 'if I do not set the highest standards for myself, I am likely to end up a second-rate person,' and 'it is important to me that I am thoroughly competent in everything I do.' Thus, the ERN appears to index increased distress in response to mistakes and high expectations for performance.

Results also supported a mediation model wherein the indirect pathway from controlling parenting style to perfectionism (i.e. the personal standard subscale on the FMPS) via the ERN was significant, for paternal parenting. Although preliminary, these findings support the notion that one mechanism whereby parenting may impact personal standard perfectionism in offspring may be by potentiating the neural response to errors. This finding is consistent with other work suggesting the ERN mediates the association between parenting and anxiety disorders in children ([@ref41], [@ref47]). However, the current study was entirely cross-sectional, and, therefore, conclusions regarding causality and the direction of effects are limited. Future longitudinal work, utilizing multiple time points across development, should examine whether parenting impacts the ERN and thereby perfectionism in offspring.

Additionally, it should be noted that personal standard perfectionism has sometimes been conceptualized as an adaptive facet of perfectionism. For example, personal standard perfectionism been linked to academic performance ([@ref6]), and some have suggested it reflects self-imposed expectations that may only be maladaptive in combination with self-criticism ([@ref12]). In line with this, the ERN has previously been linked to academic performance ([@ref26]). Thus, in the current study, increased personal standard perfectionism is linked to an increased ERN---and both may reflect an adaptive level of concern for expectations and performance. This may be especially true in light of the fact that the sample in the current study was not a clinical population.

One surprising finding was a significant correlation between correct-related neural activity (i.e. the CRN) and paternal controlling parenting style. This association was such that more paternal control was related to a larger (i.e. more negative) CRN. While it is unclear what individual differences in the CRN reflect, some have suggested that the magnitude of the CRN may reflect error processing on correct trials (i.e. individuals may perceive themselves to have made an erroneous response on a correct trial; [@ref77]). It is possible that the relationship observed between paternal control and the CRN was due to the error processing that occurred during correct trials.

Another finding that was contrary to our hypotheses was the lack of significance of the mediation model wherein the ERN mediated the relationship between parental control and the concern over mistake subscale. This model failed to reach significance when using either maternal or paternal control. While results from the current study suggest that the ERN (and the ERN~resid~) is increased in individuals who report being high on the concerns over mistake subscale, the lack of significance in these mediation models suggests that the hypothesized mechanism whereby parenting impacts the ERN and thus relates to an increased concern over mistakes is not supported by this data. It is possible that factors other than parenting may be more important in shaping the ERN and thereby concern over mistakes in young adults. For example, it is possible that the school context (i.e. grades, difficulty of courses, teacher criticism, etc.) may play an important role in this model. Or, it is possible that romantic partner criticism or peer group criticality may impact the ERN and thereby concern over mistakes in young adults. Future work should investigate alternative stressors or contexts in young adult populations in terms of their impact on error-related brain activity and thereby concern over mistakes.

Previous work has found associations between the ERN and a broad range of psychopathology ([@ref50]; [@ref49]; [@ref48]; [@ref51]), temperamental styles ([@ref70]; [@ref45]) and personality traits ([@ref52]; [@ref69]). In the current study, we focus on perfectionism (i.e. personal standard perfectionism and concern over mistakes). It is possible that the pattern of results observed is better explained by some higher-order psychological construct (e.g. neuroticism or negative affect). Future studies should examine whether the association between perfectionism and the ERN persists after controlling for broad personality and temperamental styles, as well as psychopathology.

There are a number of limitations to the current study to consider. Specifically, both perfectionism and parenting were measured via self-reported measures. Future work should replicate findings using alternative types of measurement---e.g. observational measurement, interview-based measures, lab-based behavioral measures, etc. Additionally, as noted above, this study utilized cross-sectional data. Future studies should use a longitudinal design to investigate causal mediation. Moreover, the current study was conducted among young adults. Future work should investigate whether parenting impacts perfectionism via the ERN in children across development.

The findings from the current study are novel insofar as they integrate separate lines of work on the ERN and parenting and the ERN and perfectionism. Results suggest that there may be significant links between controlling parenting styles, error-related brain activity and perfectionism in young adults. Considering that perfectionism has been linked to risk for psychopathology and suggested to be transdiagnostic risk marker ([@ref34]), it is important to understand neural substrates and mechanisms associated with this trait.
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The relationship between both maternal and paternal control and the ERN remained significant after controlling for accuracy and reaction time, all *P*s \< 0.05.

The relationships between the concerns over mistake and personal standard subscales on the FMPS with the ERN remained significant after controlling for accuracy and reaction time, all *Ps* \< 0.05.
